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1
BLOOD COLLECTION TUBE FOR
MEASURING BLOOD VISCOSITY, BLOOD
VISCOSITY MEASUREMENT DEVICE, AND
SEALED PACK OF BLOOD COLLECTION
TUBE FOR MEASURING BLOOD
VISCOSITY

TECHNICAL FIELD

The present invention relates to a blood collection tube in
which a blood collection tube that has collected blood can be
used as a blood-viscosity measurement container as it is and
can initiate blood-viscosity measurement within a very short
time after collecting the blood, and also relates to a blood-
viscosity measurement device.

In this specification and claims, the term “negative pres-
sure” means that the absolute pressure is 50 kPa or less.
Further, in this specification and claims, the term “rubber” is
used in a sense including a thermoplastic elastomer.

BACKGROUND OF THE INVENTION

In recent years, the interest in the viscosity of human
blood has been increased. It is said that if such blood viscous
properties can be grasped, it becomes possible to predict
blood diseases and detect diseases at an early stage.

Conventionally, a falling ball type blood-viscosity mea-
surement device is known (see Patent Document 1). In the
falling ball type blood-viscosity measurement device, blood
is collected with a syringe in which a steel ball is disposed
to measure the blood viscosity, and the steel ball is raised to
an upper position in the syringe using a magnetic force.
Thereafter, the steel ball is dropped, and the fall terminal
velocity of the falling steel ball is measured to determine the
blood viscosity.

Further, as a device for measuring fluid viscosity, a falling
body type viscosity measurement device is known in which
fluid viscosity is determined by measuring the fall terminal
velocity of a cylindrical falling body that falls in a cylin-
drical measurement container filled with a fluid (see Patent
Document 2).

PRIOR ART DOCUMENT
Patent Document

Patent Document 1: U.S. Pat. No. 4,388,823
Patent Document 2: Japanese Unexamined Patent Applica-
tion Publication No. H08-219973

SUMMARY OF THE INVENTION
Problems to be Solved by the Invention

In the blood-viscosity measurement device described in
the above-described Patent Document 1, the steel ball in the
syringe is raised to an upper position in the syringe by a
magnetic force from the outside. In this case, it is required
to move the steel ball in a viscous blood fluid from a remote
location, which requires a very strong magnetic force.
Further, when the steel ball drops, the steel ball often comes
into contact with the inner wall of the syringe, which
prevents highly accurate viscosity measurement.

Further, blood gradually coagulates by the coagulation
action when exposed to air, and therefore, an anticoagulant
is added to the sampled blood in a normal blood test. Adding
this anticoagulant does not significantly impact ingredient
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analyses, but it significantly impacts viscosity measurement
to assess the blood status. Therefore, in order to measure the
viscosity of blood, it is desirable to complete the viscosity
measurement within three minutes after the blood collection
without adding an anticoagulant so that the blood solidifi-
cation does not start.

However, according to the viscosity measurement device
of Patent Document 2 described above, there are the fol-
lowing problems. That is, in measuring the blood viscosity,
it requires an operation of transferring the blood collected in
the blood collection tube to the measurement container of
the viscosity measurement device. This took time, although
not exceeding three minutes, to initiate the viscosity mea-
surement after collecting the blood. Further, when transfer-
ring the sampled blood to a measurement container, it is also
concerned that the sampled blood will have more chance to
come into contact with the atmosphere, promoting blood
coagulation.

Under the circumstance, there has been a need to develop
a means and a method capable of shortening the time from
when the blood is collected until when the viscosity mea-
surement is initiated, preventing the sampled blood from
coming into contact with the air, and quickly initiating
dropping of the falling body.

The present invention has been made in view of the
above-described technical background. An object of the
present invention is to provide a blood-viscosity measure-
ment blood collection tube and a blood-viscosity measure-
ment device in which a blood collection tube that has
collected blood can be used as a blood-viscosity measure-
ment container as it is, the blood-viscosity measurement can
be quickly initiated without for the measurer coming into
contact with the blood, and the blood-viscosity measurement
can be performed in a substantially air non-contact manner.

Means for Solving the Problem

In order to achieve the above-described objective, the
present invention provides the following measures.

[1] A blood-viscosity measurement blood collection tube,
comprising:

a bottomed tube provided with an opening at one end in
a length direction and a bottom at the other end in the length
direction; and

a sealing plug,

wherein the sealing plug is provided with a sealing part
capable of being fitted in the opening of the bottomed tube
in a hermetically sealed state, a cap part, and a thin con-
necting part connecting the cap part and the sealing part,

wherein the sealing part is provided with a vertically
penetrated insertion hole,

wherein the sealing part of the sealing plug is fitted in the
opening of the bottomed tube, and an inner space of the
bottomed tube is in a negative pressure state, and

wherein the cap part is configured to be removed from the
sealing plug by breaking the connecting part with an exter-
nal force applied to the cap part, and the insertion hole is
exposed at an upper surface of the sealing part when the cap
part is removed.

[2] The blood-viscosity measurement blood collection
tube as recited in the above-described Item [1], further
comprising:

a guide tube communicated with the insertion hole, the
guide tube being secured to the sealing part in a downwardly
extended manner.

[3] The blood-viscosity measurement blood collection
tube as recited in the above-described Item [1] or [2],
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wherein the guide tube is provided with one or a plurality
of apertures or slits formed on a side surface of the guide
tube.

[4] A blood-viscosity measurement device comprising:

a viscosity measurement falling body;

the blood-viscosity measurement blood collection tube as
recited in any one of the above-described Items [1] to [3];
and

a detector configured to detect a fall terminal velocity or
fall acceleration of a viscosity measurement falling body
which is falling in the blood collection tube.

[5] A blood-viscosity measurement blood collection tube
sealed pack, comprising:

the blood-viscosity measurement blood collection tube as
recited in any one of claims 1 to 4; and

avacuum pack in which the blood-viscosity measurement
blood collection tube is hermetically sealed in a vacuumed
state.

Effects of the Invention

In the invention as recited in the above-described Item [1],
it is possible to use the blood collection tube that has
collected blood as a measurement container as it is. Further,
the measurer can quickly initiate the blood-viscosity mea-
surement without coming into contact with the blood. It is
also capable of measuring the blood viscosity substantially
in an air non-contact manner. The inside of the blood
collection tube is in a negative pressure state, and therefore,
it is possible to collect the quantity of blood required for the
blood-viscosity measurement at the time of the blood col-
lection. Further, by defining (controlling) the internal pres-
sure of the blood collection tube with high accuracy, the
quantity of blood to be collected can be kept constant at all
times.

In the invention as recited in the above-described Item [2],
since the guide tube extended downward is secured, it is
possible to assuredly guide the viscosity measurement fall-
ing body to the measurement position of the bottomed tube
by the guide tube to measure the blood viscosity more
accurately.

In the invention as recited in the above-described Item [3],
since one or a plurality of apertures or slits are formed on the
side surface of the guide tube, the viscosity measurement
falling body can smoothly drop the inside of the guide tube
while discharging the air in the guide tube, which enables
further accurate blood-viscosity measurement.

In the invention as recited in the above-described Item [4],
it is possible to use the blood collection tube that has
collected blood as a blood-viscosity measurement container
as it is, thereby enabling the measurer to quickly initiate the
blood-viscosity measurement without touching the blood. It
is also possible to provide a blood-viscosity measurement
device capable of measuring the blood-viscosity in a sub-
stantial air non-contact manner.

In the invention as recited in the above-described Item [5],
since the blood collection tube is sealed in the vacuum pack,
the negative pressure state in the blood collection tube can
be maintained for a long period of time. Thus, by opening
the vacuum pack at the time of use, it is possible to provide
a blood collection tube in which the inside is in a sufficiently
negative pressure.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a front view showing one embodiment of a
blood-viscosity measurement blood collection tube accord-
ing to the present invention.
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FIG. 2 is a vertical cross-sectional view of the blood-
viscosity measurement blood collection tube of FIG. 1.

FIG. 3 is a front view of a bottomed tube.

FIG. 4 is a vertical cross-sectional view of the bottomed
tube of FIG. 3.

FIG. 5 is a front view of a sealing plug with a guide tube.

FIG. 6 is a vertical cross-sectional view of the sealing
plug with the guide tube of FIG. 5.

FIG. 7 is a front view showing another example of a
sealing plug with a guide tube.

FIG. 8 is a vertical cross-sectional view of the sealing
plug with the guide tube of FIG. 7.

FIG. 9 is a diagram illustrating an example of a state when
collecting blood.

FIG. 10 is a partial cross-sectional view showing a state
in which a blood-viscosity measurement blood collection
tube (a cap part of a sealing plug has been removed) in which
blood has been collected is set to a blood-viscosity mea-
surement device.

FIG. 11 is a cross-sectional view showing one example of
a substantially needle-like falling body.

FIG. 12 is a conceptual diagram showing the state when
the substantially needle-like falling body is falling.

FIG. 13 is a velocity cross-sectional view showing mov-
ing directions of blood displaced by the dropping substan-
tially needle-like falling body.

EMBODIMENTS FOR CARRYING OUT THE
INVENTION

A blood-viscosity measurement blood collection tube 1
according to the present invention is provided with a bot-
tomed tube 3 and a sealing plug 4 (see FIGS. 1 and 2).

The bottomed tube 3 is a tube body, as shown in FIGS. 3
and 4, provided with an opening 3a at one end side (upper
side in the drawing) in the length direction and a bottom wall
at the other end side (lower side in the drawing) in the length
direction. The bottomed tube 3 is a cylindrical bottomed
tube having a constant diameter over substantially the entire
length. The bottomed tube 3 has a structure provided at the
end side of the opening 3a with an enlarged diameter portion
5 enlarged in diameter. It is desirable that the bottomed tube
3 be transparent.

The material of the bottomed tube 3 is not particularly
limited but may be made of, for example, polyester resin
(PET, PEN, PBT), polyolefin resin (PP, PE) or cyclic olefin
resin (COP, COC), or the like. Among these, it is preferably
made of polyester resin, and particularly preferably made of
polyethylene terephthalate (PET). By being made of poly-
ethylene terephthalate (PET), it is possible to sufficiently
suppress solidifying adhesion of the blood to the inner
surface of the bottomed tube 3, which enables more accurate
blood-viscosity measurement.

As shown in FIGS. 5 and 6, the sealing plug 4 is provided
with a sealing part 31 capable of being fitted into the opening
3a of the bottomed tube in a hermetically sealed state, a cap
part 32 capable of being pinched by fingers, and a connect-
ing part 33 connecting the cap part 32 and the sealing part
31. The connecting part 33 is a connecting part made of an
annular member with a thin thickness (thickness in the
horizontal direction). The cap part 32 has an outer diameter
shape formed in a substantially cylindrical shape. At the
upper surface of the cap part 32, a needle insertion hole 32a
is provided (see FIG. 6).

The material of the sealing plug 4 is not particularly
limited. It may be made of various rubber materials, such as,
e.g., natural rubber, butyl rubber, isoprene rubber, butadiene
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rubber, styrene-butadiene rubber, and silicone rubber, and
various thermoplastic elastomers, such as, e.g., polyure-
thane-based thermoplastic elastomer, polyester-based ther-
moplastic elastomer, polyamide-based thermoplastic elasto-
mer, olefin-based thermoplastic elastomer, and styrene-
based thermoplastic elastomer. Of these, it is particularly
preferred to be made of butyl rubber. In a case where it is
made of butyl rubber, the degree of the hermetical sealing by
the sealing plug is high, which enables maintaining the
inside of the blood collection tube in a higher negative
pressure condition. Therefore, it is possible to collect a
sufficient quantity of blood in the blood collection tube when
collecting blood, which enables more accurate blood-vis-
cosity measurement.

The sealing part 31 is provided with a vertically pen-
etrated insertion hole 34. A guide tube 37 communicating
with the insertion hole 34 is fitted in the insertion hole 34
such that the guide tube 37 extends downward (see FIG. 6).
The planar shape of the insertion hole 34 is circular. The
guide tube 37 is a cylindrical tube. A plurality of apertures
(through-holes) 38 is formed in the side surface of the guide
tube 37. In this embodiment, a circular aperture 38 is
formed, but the present invention is not particularly limited
to such a shape. For example, as shown in FIGS. 7 and 8, a
slit 39 may be formed.

The material of the guide tube 37 is not particularly
limited and may be made of various rubber materials, such
as, e.g., polyester resin (PET, PEN, PBT), polyolefin resin
(PP, PE), cyclic olefin resins (COP, COC), natural rubber,
butyl rubber, isoprene rubber, butadiene rubber, styrene-
butadiene rubber, and silicone rubber, and various thermo-
plastic elastomers, such as, e.g., polyurethane-based ther-
moplastic  elastomer, polyester-based thermoplastic
elastomer, polyamide-based thermoplastic elastomer, olefin-
based thermoplastic elastomer, and styrene-based thermo-
plastic elastomer. Among these, it is preferably made of
polyester resin, particularly preferably made of polyethylene
terephthalate (PET).

The upper end of the insertion hole 34 communicates with
the inner space of the annular member constituting the
connecting part 33 (see FIG. 6). The upper side of the
insertion hole 34 is closed by the cap part 32 (see FIG. 6).
The outer diameter of the annular member constituting the
connecting part 33 is smaller than the outer diameter of the
cap part 32 and smaller than the outer diameter of the sealing
part 31 (see FIG. 6).

The blood-viscosity measurement blood collection tube 1
is a tube in which the sealing part 31 of the sealing plug 4
is fitted in the opening 3a of the bottomed tube 3 in a
hermetically sealed state (see FIGS. 1 and 2). The sealing
plug 4 is fitted in the opening of the bottomed tube 3 such
that the notched part formed in the sealing part 31 of the
sealing plug 4 extends beyond the opening of the bottomed
tube 3 (in a half-sealed state). And the blood collection tube
is brought into a vacuum chamber. Thereafter, the inside of
the vacuum chamber is made in a negative pressure state to
a specified value, and then the sealing part 31 of the sealing
plug 4 is completely fitted to the bottomed tube 3 in the
vacuum chamber (in a hermetically sealed state). Then, the
collection tube is took out of the vacuum chamber. Since the
sealing part 31 of the sealing plug 4 is tightly fitted in the
opening 3a of the bottomed tube 3 in a hermetically sealed
state, the inner space of the bottomed tube 3 can be main-
tained in the negative pressure state for a long period of time.
At this time, the degree of vacuum (absolute pressure) in the
blood collection tube 1 is preferably set to 30 kPa or less,
more preferably set to 20 kPa or less. The cap part 32 can be
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removed by applying an external force (a tensile force, a
shearing force, a torsional force, etc.) to the cap part 32 to
break the connecting part 33. By removing the cap part 32,
the insertion hole 34 for inserting a falling body appears
(opens) at the upper surface of the sealing part 31. The
connecting part 33 is formed of an annular member which is
thin in thickness (the thickness in the horizontal, i.e., the
thickness in the radial direction of the annular member), and
therefore, the connecting part 33 can be easily broken by
pulling the cap part 32 with the bottomed tube 3 held by a
hand.

Next, an example of a blood-viscosity measurement
method using the blood-viscosity measurement device 70
configured using the above-described blood collection tube
1 will be described.

As shown in FIG. 9, using a blood collection device
provided with a tube 43 and needles 41 and 42 attached to
both ends of the tube, one needle 41 is pierced into the skin
40 of a human body. Thereafter, the distal end of the other
needle 42 is pierced through the cap part 32 by way of the
needle insertion hole 32a of the cap part 32 of the blood-
viscosity measurement blood collection tube 1 according to
the present invention, and the distal end of the other needle
42 is placed in the insertion hole 34 (guide tube 37). As
described above, the inside of the blood collection tube 1
(bottomed tube 3) has been set to be a negative pressure in
advance. Accordingly, blood 60 is injected into the inside of
the bottomed tube 3 via the one needle 41, the tube 43, and
the other needle 42. Thus, the blood 60 is drawn into the
bottomed tube 3 so that the lower end of the guide tube 37
is immersed in the blood 60 (see FIG. 9). As described
above, it is preferable that the lower end portion of the guide
tube 37 be immersed in the blood 60. In this case, it is
possible to measure the blood-viscosity more precisely.

Next, the connecting part 33 is broken (torn) to remove
the cap part 32 by pulling the cap part 32 with fingers. As a
result, the insertion hole 34 is exposed at the upper surface
of the sealing part 31 as shown in FIG. 10. In this insertion
hole 34, the upper end portion of the guide tube 37 has been
inserted and fitted. This guide tube 37 is extending down-
ward. Accordingly, as will be described in detail, the needle-
like falling body 2 is assuredly guided by the guide tube 37
to the measuring position of the blood collection tube 1,
which can realize the dropping of the substantially needle-
like falling body 2 in the vertically downward direction
(straight vertical falling to the bottom wall of the blood
collection tube 1). Further, since a plurality of apertures 38
is formed in the side surface of the guide tube 37, the
substantially needle-like falling body 2 can smoothly fall in
the guide tube 37 while discharging the air in the guide tube
37.

Then, the blood collection tube 1 from which the cap part
32 has been removed is inserted into the vertically extended
insertion hole provided in the measuring device main body
71 from above. That is, the blood collection tube 1 is set to
the measuring device main body 71 to constitute a blood-
viscosity measurement device 70 (see FIG. 10). A detection
means 74 for detecting a fall terminal velocity of the
substantially needle-like falling body 2 falling in the blood-
viscosity measurement blood collection tube 1 is attached to
the measuring device main body 71. In this embodiment, as
the detection means 74, a pair of first magnetic sensors 72A
and 72A arranged apart from each other in the horizontal
direction, a pair of second magnetic sensors 72B and 72B
arranged apart from each other in the horizontal direction,
and a measurement device 73 are used (see FIG. 10). The
lower first magnetic sensor 72A are spaced apart from the
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upper second magnetic sensor 72B. The measurement
device 73 measures the time from when a detection signal
was received from the upper second magnetic sensor 72B to
when a detection signal was received from the lower first
magnetic sensor 72A. With this measurement device 73, itis
possible to measure the time required for the falling body 2
to fall from the position of the upper second magnetic sensor
72B to the position of the lower first magnetic sensor 72A.
It should be noted that the “fall terminal velocity” denotes
the velocity when a constant falling motion is being per-
formed in the fluid.

Then, the substantially needle-like falling body 2 is
released into the insertion hole 34 formed in the upper
surface of the sealing part 31 (see FIG. 10) to drop the falling
body in the vertically downward direction through the guide
tube 37. At this time, the substantially needle-like falling
body 2 falls in a stabilized state in the vertically downward
direction in the blood 60 in the blood collection tube 1 and
reaches the bottom surface of the blood collection tube 1. At
this time, the fall terminal velocity Ut of the falling body 2
is calculated from the drop time of the falling body 2
determined by the magnetic sensors 72A and 72B and the
measurement device 73 and the distance between the upper
magnetic sensor 72B and the lower magnetic sensor 72A.

Note that in this embodiment, the substantially needle-
like falling body 2 is a substantially needle-like body 11
made of synthetic resin in which a metal weight 12 is sealed
therein. That is, in this embodiment, as shown in FIG. 11, a
substantially needle-like falling body 2 is used in which a
metal weight 12 is disposed inside a bottomed cylindrical
substantially needle-like body 11 made of synthetic resin,
and a lid 13 is fitted to the upper opening end of the
substantially needle-like body 11. In this embodiment, the
outer shape of the substantially needle-like falling body 2 is
an axially elongated cylindrical shape (see FIGS. 10 and 11).

Next, a method of determining blood-viscosity using the
obtained fall terminal velocity Ut of the falling body 2 will
be described.

FIG. 12 is a conceptual diagram showing a state when the
falling body 2 is dropping. FIG. 13 is a velocity cross-
sectional view showing the moving directions of the blood
60 displaced by the dropping falling body 2. In these FIGS.
12 and 13, the reference symbol “L” denotes the length of
the substantially needle-like falling body 2, The reference
symbol “kR” denotes the radius of the substantially needle-
like falling body 2, and the reference symbol “R” denotes
the radius of the bottomed tube 3. Further, the reference
numeral “50” denotes a minute cylindrical shell as a fluidic
element around the falling body, the minute cylindrical shell
being displaced by the dropping falling body. The reference
symbol “r”” denotes the inner radius of the minute cylindrical
shell. The reference symbol “r+dr”” denotes the outer radius
of the minute cylindrical shell. The reference symbol “L.”
denotes the length of the minute cylindrical shell.

The fall velocity of the substantially needle-like falling
body 2 is as very small as 0.1 mm/sec (0.1x10™> m/sec) to
1.827 my/sec, and therefore no slippage occurs between the
blood and the falling body and between the blood and the
inner wall of the bottomed tube. Under the condition (as-
sumption) that the blood is incompressible and that the
in-tube flow is laminar, when the substantially needle-like
falling body 2 falls at the fall terminal velocity Ut in the
center of the blood 60 filled in the bottomed tube 3, the
pressure pl and the pressure p2 act on the upper surface and
the lower surface of the minute cylindrical shell 50, respec-
tively, and the shear stress T and the shear stress T+dt act on
the inner surface and the outer surface, respectively, as
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shown in FIG. 12. Since the blood is in a constant velocity
dropping motion, the momentum acceleration is 0. There-
fore, the following relational Equation <1>is established
from the balance of the force acting on the minute cylindri-
cal shell 50 at this time.

1d(r‘r)_Ap <1l>

rodr L

where [(Ip=pl—p2 (Op<0)

Further, at this time, since it is assumed that no slipping
occurs between the wall surface of the falling body 2 and the
inner wall surface of the bottomed tube 3, the following
relational Equation <2>is established as a boundary condi-
tion relating to the speed.

Uiy =—Urll =gy =0 <2>

Further, since the quantity of the blood that passes through
the annular flow path formed between the wall surface of the
bottomed tube 3 and the inner wall surface of the bottomed
tube 3 per unit time is equal to the quantity of the blood
pushed aside by the falling body 2, the following Equation
<3>is established.

0=/, F2mrudr=n(kR)*U,

Further, on the wall surface of the falling body 2, the
gravity, the buoyancy, the pressure, and the viscous forces
are balanced, and therefore, the following Equation <4>is
established. In Equation <4>, p_ is the density of the falling
body, and p, is the density of the blood.

<3>

27(—r) <4>

kR

AP
(s —prig + I =

The viscosity of the blood can be analyzed by simulta-
neously combining the above-described Equation <5>,
which is a constitutive Equation of the blood (a constitutive
equation of Newton fluid), with the above-described Equa-
tions <1>to <4>. That is, since the blood is a Newton fluid
in a state prior to solidification, the viscosity of the blood can
be analyzed by simultaneously combining the Equation <5>,
which is the constitutive Equations of Newton fluid, with the
Equations <1>to <4>. For example, the blood-viscosity is
obtained for each of a plurality of substantially needle-like
falling bodies 2 having different densities, and these aver-
ages are adopted as a measured value of the blood-viscosity.

T=py <5>

In Equation <5>, “r” is the shear stress, “y” (gamma) is the
shearing rate, and “p” (mu) is the viscosity of the blood.

According to the blood-viscosity measurement device 70
having the above-described configuration, it is possible to
use the blood collection tube 1 in which the blood has been
collected as a measurement container as it is. The measurer
can initiate the blood-viscosity measurement very quickly
without coming into contact with the blood. Further, it is
also possible to measure the blood-viscosity in a substan-
tially non air-contact manner.

In the above-described embodiment, the detection means
74 is composed of the magnetic sensors 72A and 72B and
the measurement device 73, but the present invention is not
particularly limited to such a structure. The detection means
74 may be any means that can detect the fall terminal
velocity of the dropping falling body 2.
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Further, in the above-described embodiment, the viscosity
of the blood is determined by measuring the fall terminal
velocity of the falling body 2. But instead of this, the
viscosity of the blood may be determined by measuring the
fall acceleration of the falling body 2. As a detection means
for measuring the fall acceleration of the falling body, a
configuration composed of three or more magnetic sensors
arranged apart from each other in the vertical direction (in
the falling direction of the falling body) can be exemplified.

In the blood-viscosity measurement blood collection tube
1, it is preferable that an inner space of the bottomed tube 3
sealed with the sealing plug 4 be set in a negative pressure
state and stored in a vacuum pack made of, for example,
aluminum. It is preferable that the vacuum pack be opened
to use the blood-viscosity measurement blood collection
tube in the manner described above when it is used. In this
manner, by encapsulating the blood collection tube in the
vacuum pack, the negative pressure condition in the blood
collection tube 1 can be maintained for a long period of time.

In the present invention, the synthetic resin (e.g., a
synthetic resin constituting the substantially needle-like
body 11) constituting the substantially needle-like falling
body 2 is not particularly limited, but olefin resin, such as,
e.g., polyethylene and polypropylene, is preferably used. In
this case, it is possible to assuredly prevent blood from
sticking to the surface of the falling body 2, which in turn
enables viscosity measurement of blood with higher accu-
racy. The metal weight 12 may be in any form, such as, e.g.,
a mass, a granule, a powder, or the like.

Note that, in the above-described embodiment, as the
falling body 2, a falling body made of a synthetic resin in
which the metal weight 12 is encapsulated therein is used,
but is not particularly limited to such a configuration.

Although there is no particular limitation on the size of the
substantially needle-like falling body 2, from the viewpoint
of enabling the viscosity measurement with a smaller quan-
tity of blood and improving the accuracy of the viscosity
measurement (see FIG. 11), it is preferable that the outer
diameter (m,, m,) be set in the range of 0.5 mm 3 mm, and
the length L be set in the range of 5 mm to 100 mm. In FIG.
9, it may be configured such that any of the relations m,=m,,
m,>m,, m,;<m,, is satisfied.

It should be noted that the density of the falling body 2
denotes the apparent density, which is a value obtained by
dividing the mass of the falling body 2 by the volume
(volume including voids) of the falling body 2.

EXAMPLES

Next, some specific examples of the present invention
will be described, but it should be noted that the present
invention is not particularly limited to those of the examples.

Example 1

As shown in FIG. 9, by collecting blood using a blood
collection device (e.g., a needle), blood of a mammalian
animal was collected into the inside of the blood-viscosity
measurement blood collection tube shown in FIGS. 1 and 2
(in a high-internal negative pressure condition). Blood was
collected into the bottomed tube 3 until the lower end of the
guide tube 37 was submerged in the blood 60 (see FIG. 9).
Then, the cap part of the sealing plug 4 was pinched with
fingers and was torn to expose the insertion hole 34 pen-
etrated vertically at the top surface of the sealing part.
Thereatfter, the blood collection tube was set to the blood-
viscosity measurement device as shown in FIG. 10. Next,
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the viscosity measurement of the blood was performed
according to the procedures described in the previous sec-
tion using the blood-viscosity measurement device shown in
FIG. 10. The inner diameter of the blood collection tube was
about 10 mm, the length was about 140 mm, and the inner
volume of the blood collection tube was about 11 mL. The
length of the substantially needle-like falling body was 20
mm, and the outer diameter (m,, m,) was 2 mm. The
apparent density of the substantially needle-like falling body
was 1.486 g/cm’. In addition, the density of the collected
blood was 1.048 g/cm®.

The time required for the substantially needle-like falling
body 2 to fall from the position of the upper second magnetic
sensor 72B to the position of the lower first magnetic sensor
72A was 0.04375 seconds, and the fall terminal velocity Ut
of the falling body obtained from this was 33.1 cm/second.

The viscosities p of the blood was calculated by simul-
taneously combining the four equations of Equations (1) to
(4) and the constitutive Equation (5) of a Newton fluid. The
viscosity u of this blood was found to be 4.508 mPa sec.

INDUSTRIAL APPLICABILITY

The blood-viscosity measurement blood collection tube
according to the present invention is used as a blood
collection tube for collecting blood subject to viscosity
measurement and is used as a measurement container (mea-
suring cell) as it is in the case of blood-viscosity measure-
ment. As described above, since it can be used as it is as a
measurement container after the blood collection, the vis-
cosity measurement of the blood can be initiated in a very
short time after collecting the blood. Therefore, the blood
viscosity measurement can be performed with high accu-
racy, and therefore, it can be useful for predicting blood
diseases, early detection of diseases, and the like.

DESCRIPTION OF SYMBOLS

1: Blood-viscosity measurement blood collection tube
2: Falling body

3: Bottomed tube

3a: Opening

4: Sealing plug

31: Sealing part

32: Cap part

33: Connecting part

34: Insertion hole

37: Guide tube

38: Aperture

39: Slit

60: Blood

70: Blood-viscosity measurement device
74: Detector

The invention claimed is:

1. A blood-viscosity measurement blood collection tube,

comprising:

a bottomed tube provided with an opening at one end in
a length direction and a bottom at the other end in the
length direction; and

a sealing plug,

wherein the sealing plug is provided with a sealing part
capable of being fitted in the opening of the bottomed
tube in a hermetically sealed state, a cap part, and a thin
connecting part connecting the cap part and the sealing
part,

wherein the sealing part is provided with a vertically
penetrated insertion hole,
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wherein the sealing part of the sealing plug is fitted in the
opening of the bottomed tube, and an inner space of the
bottomed tube is in a negative pressure state, and

wherein the cap part is configured to be removed from the
sealing plug by breaking the connecting part with an
external force applied to the cap part, and the insertion
hole is exposed at an upper surface of the sealing part
when the cap part is removed.

2. The blood-viscosity measurement blood collection tube

as recited in claim 1, further comprising:

a guide tube communicated with the insertion hole, the
guide tube being secured to the sealing part in a
downwardly extended manner.

3. The blood-viscosity measurement blood collection tube

as recited in claim 1,

wherein the guide tube is provided with one or a plurality
of apertures or slits formed on a side surface of the
guide tube.

4. A blood-viscosity measurement device comprising:

a viscosity measurement falling body;

a blood-viscosity measurement blood collection tube as
recited in claim 1; and

a detector configured to detect a fall terminal velocity of
a viscosity measurement falling body which is falling
in the blood collection tube.

5. A blood-viscosity measurement blood collection tube

sealed pack, comprising:

the blood-viscosity measurement blood collection tube as
recited in claim 1; and

avacuum pack in which the blood-viscosity measurement
blood collection tube is hermetically sealed in a vacu-
umed state.
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